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ABSTRACT 


The design and preliminary testing of a microcomputer based flight 
monitor and data recorder, utilizing magnetic bubble memory, is reported. 
Component selection, software design and magnetic bubble storage system 
construction and testing are discussed. Difficulties encountered, both 
in software and bubble testing are reviewed, with results and remaining 
work summarized. 

Magnetic bubble memory technology is reviewed and its potential 
as a reliable, dense, low cost, non-volatile recording medium is noted. 
It is proposed that the microprocessor be utilized as a flight monitoring 
as well as a recording device to detect and report imminent "extremis" 


situations. This research is continuing at the Naval Postgraduate School. 
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I. INTRODUCTION 


A. BACKGROUND 

The need for a light, crash survivable, compact data recorder for 
Naval aircraft is well established. Information which identifies the 
cause of the loss of one aircraft can often point to a weakness that may 
affect several others. Recognizing this formally, the Chief of Naval 
Operations has required the inclusion of crash recorders in all new 
Navy aircraft. 

A crash recorder must utilize a recording medium that 1s non-volatile, 
as the data may not be recovered for weeks or months after being recorded. 
Additionally, if the recording medium is reusable, then no service action 
is required to install the new recording medium. 

In the past, obstacles to the solution of the recording problem have 
` included the cost, the reliability of mechanical recorders, the size and 
weight of any system proposed for a small aircraft, and the mass memory 
size required when implemented by a solid state system. 

Reference [1] demonstrated that by ignoring redundant data, or "com- 
pressing" the data, one can reduce the size of the required memory by 
2575-505. 

Solid state non-volatile data storage using an MNOS (Metal Nitride 
Oxide Semiconductor) module was demonstrated in Reference [2]. Until 
recently solid state non-volatile memories have been too bulky. Solid 
state Magnetic Bubble Memory (MBM) overcomes these problems by offering 
a quantum step forward in size, weight, cost/bit and reliability. By 


combining the processing power of the microcomputer with the dense memory 


capacity of the MBM, a low cost, small size, highly reliable recording 
system becomes available for multipurpose use. 

Because the processing speed of the microcomputer exceeds what 1s 
needed for recording data, and because system status data is available, 
the system can also be used as a flight monitor to aid the pilot in 
making critical decisions. 

During an aircraft launch, approach, or combat engagement, decision 
time is critical. Analysis of pertinent factors relating to take-off 
abort, wave off, or ejection may require split second pilot decisions. 
The speed and power of the microcomputer can be used to monitor the air- 
craft state and greatly assist the pilot in such situations. Utilizing 
the same equipment and data as the recorder, no additional cost other 


than software 1s incurred for a substantial increase in capability. 


B. THE MONITOR/RECORDER SYSTEM 

This thesis consists of the system design and construction of a 
development prototype microcomputer monitor and data recorder. A non- 
volatile MBM module is constructed to function as a remote mass memory 
through appropriate interface circuitry. The memory module is designed 
so that it can be located in a survivable airfoil, and thus the system 
can function as a crash recorder. 

The present system utilizes current production equipment for all 
components. With the advent of single chip controllers implementing 
CPU, CLOCK, EPROM/RAM memory and I/O functions on a single chip, future 


size reductions will be significant. Future system design centered 


E 


around such devices utilizing a single 400 cycle power supply can 
incorporate all required computer functions, except input bus interface, 
within 2-3 chips. Replacement of the current controller board and MBM 
prototype board with 3-5 LSI chips as these modules come into greater use 
will similarly reduce the size of this part of the system. Implementation 
of the complete unit on a 5" x 7" circuit board, with out power supply 
and input bus interface, is a realistic expectation within one to three 
years. 

Section II gives an overview of the constructed digital data recording 
system, as well as the peripheral equipment interfaced to it for field.test 
and modification. 

Section III discusses interrupt versus status checks for software con- 
trol. Important additional capabilities of the system, with recommendations 
for future implementation are also discussed. 

Appendix A discusses bubble memory technology, with notes relating 
to some of its critical parameters. The developed programs are listed 
in Appendix B. Appendix C contains detailed hardware information, sche- 


matics and peripheral systems interface information. 
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Ш2 STS TEN DESCRIPTION 


A. GENERAL 

The microcomputer monitor and data recording system is illustrated 
in Figure 1 and is comprised of two major assemblies; a general purpose 
microcomputer system and a remote magnetic. bubble memory module. Figure 
2 depicts the system at a block level. 

As depicted in Figure 2, the system is designed to receive aircraft 
Status data that is assumed to be received on a MIL STD 1553 data bus. 
This information is buffered and sent to the general purpose microcomputer. 
The microcomputer analyzes the data, compresses it, and sends the com- 
pacted data to storage in the magnetic bubble module. 

The MBM controller receives the data from the computer. Here it is 
converted to serial data and stored in the bubble memory. The MBM module 
15 part of an escape capsule that is designed to be survivable in the 
event of aircraft crash. (Reference [2] goes into greater detail in this 


area.) It is housed with a locater beacon to facilitate its recovery. 


B. MICROCOMPUTER SYSTEM 

The general purpose microcomputer system consists of an Intel 80/20-4 
Single Board Computer (SBC) mounted in a rack suitable for a total of 
four boards. An integral DC supply provides all required power with the 
exception of +17 volts. This deficiency will be discussed in Appendix C. 
An ICOM model PP80 MDS/SBC 80/20-R PROM programmer board with resident 
software and 7K of expansion EPROM has been added in the card case to 


provide resident program modification capability, as well as additional 
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program storage. The third board in the cage is an interface board to 
accomplish all electrical interface to the remote magnetic bubble memory 
module. There is room for one more board in the card cage. It is anti- 
cipated that the MIL STD 1553 data bus interface would go on this in the 
future. 

The Intel 80/20-4 Single Board Computer (SBC) is the heart of the 
system. The System 80/20-4 Microcomputer Hardware Reference Manual 
(Preliminary) [Reference (3)], and the SBC 80/20-4 Single Board Computer 
Hardware Reference Manual [Reference (10)], discuss in detail the many 
facets of its operation. Figures 3, 4, and 5 illustrate the boards 
within the computing system. Figure 6 depicts the system in a detailed 
block diagram, as configured for this project. 

The System 80/20 was chosen due to its flexible interrupt structure, 
its power failure warning circuitry, and its multi-master bus configuration. 
With 4K bytes of resident EPROM, (2K of which is system monitor), 7-8K 
bytes of expansion EPROM on the ICOM board, as well as 4K bytes of resi- 
dent RAM, there are no effective memory limitations imposed. 

The system is set up to operate on its monitor utilizing automatic 
baud rate selection to an RS-232 serial interface. A Texas Instruments 
Silent 700 Terminal was obtained and modified to allow portable system 
operation. Terminal modification and wring are indicated in Appendix C. 

Field test and software modification is supported by the ICOM PROM 
programmer and Texas Instruments Silent 700 portable terminal. Program 
verification and alteration are immediately available to allow custom 


interface or software alteration, as well as bubble down-load under 
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program control in the flight or post flight environment. ICOM PROM 
programmer operation is detailed in the PROM Programmer Operations Manual 
[Reference (4)]. Terminal operation is outlined in the Silent 700 Model 


745 Terminal Operating Instructions [Reference (9)]. 


C. MAGNETIC BUBBLE MODULE 

The magnetic bubble memory module is illustrated in Figure 7 and con- 
Sists of two cards, housed together in a separate card cage. A forty- 
lead flat ribbon signal connector and a five-lead power cable connect 
to the interface board. The module consists of a magnetic bubble controller 
card and a magnetic bubble driver/sense amplifier card. Back-plane connec- 
tions in the card cage transfer all required signals between the two boards. 

Figures 9 and 1] are detailed block diagrams of the boards. The cards 
were locally built, utilizing first design printed circuit boards and 
Schematic information from Texas Instruments (TI). These boards interface 
the TI TBMO101 magnetic bubble chip to the microcomputer as a TTL compatible 
interface. References [5] and [6] are the controller and bubble board 
detailed specification. References [7] and [8] are the electrical sche- 
matics and parts lists for each board. 

1. Magnetic Bubble Memory Board 
The Magnetic Bubble Memory (MBM) board is illustrated in Figure 8 
and detailed at the block level in Figure 9. Detailed operation is out- 
lined in Magnetic Bubble Memory and System Interface Circuits (Reference 
[6]). An overview of MBM board operation follows. 
Board enable (BDEN) is input low, producing an enable to the coil 


field drives, transfer, replicate, generate, and annihilate gates, and to 


24 





the output data driver. U7 and U8 are indirectly controlled via U4 enable. 

Field drive signals (CXA, CXB, CYA, CYB) are input to Ul/BE from 
the controller board coil drive output circuitry. These precisely timed 
Square wave pulses are applied to the appropriate coil drives and cause 
triangular current output pulses from the field drivers. These outputs 
are. applied to the X and Y coil drives out of phase to produce the 100 KHZ 
field as described in Reference [6]. The timing of these field drive 
Signals is controlled by the controller board. Only level conversion 
and shaping are done on the bubble board. 

Monitoring of bubble loop position is accomplished by the con- 
troller. It assumes the bubble is started from a zero page reference 
and as such it must be allowed to return to this zero reference prior to 
Shutdown or powerdown. The time involved to return the loops to the zero 
reference can vary from 0 to 6.4 ms depending on loop positions at com- 
mencement of shut down. 

Chips U2A and U2B are the Transfer gate drivers. U2A and U2B 
are functionally identical and drive the same gates. Timing differences 
in the micro sequence from the controller determine whether the pulse in 
the transfer loops will perform a transfer in or a transfer out. Chip 
U3A contains the Replicate driver, while U3B contains the Annihilate 
driver. Again these two chips are schematically identical and drive a 
common gate. The difference in their function is accomplished via timing. 
Along with U4A, the combination of Replicate, Annihilate and Generate accom- 
plish the bubble read/write function. The chips themselves are identical 


as are the output drive transistors. Control signals for the MBM board 
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are received as inputs from the Controller board. The Timing Function 
Generator sequences the chips to accomplish all required functions. 

Output data sensing is accomplished via U4B, U7, U8 and the 
R/C network. When an analog bubble signal is sensed in the detectors 
it is coupled to the sense amplifiers, amplified and digitized via the 
clamp signal. The sense amplifier output is applied to latch U7 where 
it is strobed to the output driver, U4B. The output of this driver is 
then transferred to the controller as digital bubble data. 

Reference [6] points out that the gates in the bubble memory 
chip make excellent fuses due to their small size. Discussion with TI 
personnel bears this out as a major failure area For this reason a 
resistive equivalent for the bubble chip elements was constructed for the 
testing phase, utilizing specification information of Reference [6]. 

Prior to bubble chip insertion, all signals should be verified for timing. 
In particular, the polarity, pulse width, and duty cycle of the gate drive 
waveforms should correspond with those of Reference [6]. The five large 
wire loops are for final verification of current waveforms prior to bubble 
chip insertion, and for verification with the bubble installed. Utiliz- 
ing a current probe, the circuit waveforms may be verified at the bubble. 
At test completion these loops may be reduced to straight wire runs to 

the bubble chip, for a more compact design. All timing waveforms are 
referenced with respect to the leading (falling) edge of CXB/, Pin 18. 
This signal, input as an external sync, set for negative slope trigger, 


will be required for proper test equipment timing. 
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2. Controller Board 

No written information on the controller board was available. 
Reference [6] suggests a design and it appears the board was modeled 
after this. The board is centered around a TMS 9916 Magnetic Bubble 
Memory Controller. Figure 9 illustrates the board itself, while Figure 
11 15 the block diagram. All three busses, data, address and control, 
are used as inputs. The control bus is made up of five signals: reset, 
clock (BCLK/), power fail (PFWP/), data bus in (DBIN), memory enable 
(MEMEN) and Interrupt. Hardware reset is a low level signal that is 
tapped directly from the SBC reset signal. It performs a full reset 
of the controller board via hardware. SBC BCLK/ was selected as the 
external clock input to the controller, since all data output to the 
master bus of the SBC is referenced to this clock. This TTL signal is 
input to 003 апа 019 to properly syne the ready and read/write operations 
between the CPU and controller. 

Power fail (PFWP/) is a low level input signal from the system 
80/20. Reference [3] describes its operation. It is currently tied to 
+5V on the card cage backplane. To utilize it, PFWP/ would be brought 
from the system 80/20 to the power bad input of the controller board, 
P1/19, as a low logic signal. This circuit is designed in the controller 
to allow an immediate orderly shutdown of the bubble memory in the event 
of power failure, because major loop data loss is possible if data is 
left in it at shutdown. Additionally, to keep track of zero page refer- 
ence, the bubble must shut down with the minor loops positioned at a 


known point with respect to the transfer gates. 
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The system 80/20 guarantees 5.3 ms of warning prior to the loss of 
+5V. The MBM chip requires 6.41 ms for a worst case return of all minor 
loops to zero. A storage capacitor may be required to meet this 1.31 ms 
time difference. Data Bus In (DBIN) is the controller device Read/Write 
command and is derived from Memory Read (MRDC/) or Memory Write Command 
(MWRC/) on the master bus. The controller uses this command along with 
the other two busses to interpret commands from the microcomputer. Memory 
Enable (MEMEN/) is simple a low logic enabling signal acting much like a 
chip select. It is discussed in the board addressing scheme. 

The primary job of the controller board is Read/Write loop 
control. Major functions of the board, and the associated components, 
are: Timing (U8, U19, U23, U24), Data Bus Interface (U3, U4), Addressing 
(01, U2, U19), Redundancy (U6, U4, U14), Timing Function Generation (U5, 
U9, U10, U16, U21) and Bubble Board Interface (U20, 25, 26). 

U8 is a conventional clock generator. It provides clock reference 
within the control and bubble boards. As mentioned earlier, CPU inter- 
face timing is accomplished with BCLK/ and associated ready timing of U23B. 
Board sync is generated by clocking the inputs to U23A. U19 provides 
timing gates to the Timing Function Generator (TFG) circuitry as well as 
clocking the input data. U24 supplies enable timing to the bubble 
module for coil start/stop timing. 

Data bus interface is accomplished with two Bidirectional Bus 
Drivers, U3 and U4. With an enabling input of Ready from U13, the read 


or write signals from U19B or Ul determine direction of data flow. 
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The controller board is addressed as a memory mapped device 
utilizing 15 address lines. SBC address 14 and 15 were "ANDed" together 
on the interface board to reduce the number of SBC address lines to 15 
to conform to the controller address bus, mapping the controller into 
high memory. The memory mapped address is determined by the controller 
(А0-АЗ), Ul (A4-6) and U2 (A7-A14 4 15). ІЛ апа U2 are fusable link 
ROMs (256x4). U2 contains a hex "0" at its address OFFh. Ul contains 
a hex "E" at its address "47h" and "8" at address 4F. In addition to the 
address bus, Ul utilizes a high level logic memory enable (MEMEN) signal 
created from "OR"ing SBC memory read (MRDC/) with SBC memory write (MWRC/) 
on the interface board. Finally, the actual address selection (within U1) 
is determined by the Data Bus In (DBIN) signal. For DBIN true (high), U1 
address 4Fh is accessed, which generates a chip select and read signal to 
the controller board. For DBIN false, address 47h is accessed, which 
generates a write and chip select signal to the controller board. The 
result up to this point is that for an address of OFFFXh (where X is a 
don't care) the controller can differentiate between a read and a write 
memory operation. 

The lower four address bits are fed directly to the controller. 
All controller commands are mapped onto these address locations (OFFFOh to 
FFFEh) with OFFh not utilized. TMS 9916/5502 controller specifications 
[Reference (5)] details the commands. All commands with the exception 
of OFFF2h utilize the data bus to pass required data associated with the 
command. The OFFF2h command (Control Command) is an expansion command 


that allows the data bus to be utilized to pass eight additional commands. 
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These commands have no data associated with them, so no conflict occurs. 
For example, OFFF2h on the address bus, with 02h on the data bus causes 
the controller to execute its microprogram to read a page of bubble data 
into the controller buffer, reposition required loops, etc. It:should 
be noted that control commands are transparent to the programmer, in that 
once the controller is programmed, the CPU may go on and leave the con- 
troller to complete its task. Monitoring may either be done via status 
polling or interrupt programming. This will be discussed further in 
section III. 

Timing interface for read/write control timing is accomplished 
via the CPU ready circuit. If the controller required additional time 
in accessing its buffers to the bus, it may pull the ready line low, 
causing the CPU to enter a wait state until the controller is once again 
ready. 

Redundancy circuit discussion follows. Starting after a reset 
generated by the read Counter Clear (RDCTRCL) signal from the controller 
(013), U14 counts the gated 50KHZ clock. Its output is fed to the 256X4 
bit Schottky fusible link ROM, 011. This ROM contains the redundancy 
map for up to four installed MBM chips and is the same type as the pre- 
viously discussed U] and U2. The current application has only one MBM, 
so Ul] contains only one of a possible four maps. Table I is the re- 
dundancy map for the MBM employed in this report. The counted clock 
input causes the redundancy map to be output to U6, which generates a Data 
Enable (DATAEN) signal for each valid minor loop, and fails to post the 


DATAEN signal for bad loops, corresponding to the ROM map. This signal 


34 





TABLE 1 
REDUNDANCY MAP 


FINAL MASK 
MODULE 89-92-10 23 JURE 77 485 TEMP O CENTIGRADE 
0000 0002 01CO 0010 0000 0000 0000 00000000 0007 


BAD LOOP ADDRESSES (HEXIDECIMAL) 
DENE, 0027, 0028, 0029, 0038 
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is gated with the controller Data Out signal to form the Good Data (GDATA) 
signal at U25D. The signal is then transferred to the MBM via buffer 
U25 to gate out bad loop information. 

U6 receives three enable lines, Board Select (BDSEL) A, B, and C. 
These are used to indicate which of up to eight bubble board redundancy 
maps are to be accessed. Currently the select lines are tied to ground to 
supply a logic zero to the board address logic. Іп а larger application 
with more than four bubble boards, an additional redundancy map ROM 
would be added, generating inputs to U6 (D4-7), and would contain the maps 
for boards 4-7. Additionally, active board address would have to be sup- 
plied to the board select lines. 

Precision timing waveforms for all bubble board functions are 
generated in the Timing Function Generator group. U10, the Timing Func- 
tion Generator (TFG), is another fusible link ROM. The contents of this 
ROM are indicated in Table II. Counters U5 and U9, driven by the clock 
generator 18 MHZ output, and under control of U12, access the TFG. It 
in turn generates output signals on its data lines to sequence a set of 
timing pulses to two eight input, "D" flip flop latches, Ul6 and U?21. 

U21 utilizes only six of its eight "D" flip flops. This latched sequence 
is clocked by the counted down 18 MHZ clock (4.5 MHZ) to generate output 
signals to drivers U20, U25 and U26. These three chips are quad, two- 
input NOR gates and make up the function drivers. All MBM Board com- 
mands serve as inputs to these drivers to be timed under micro sequence 


control of the TFG. 
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The interrupt output from the controller allows for a powerful 
interface to the microcomputer. When enabled via its mask register, inter- 
rupt is generated from Ul/34 through driver U13A to B2/39. Software is 
written for this to go in as interrupt five to the SBC; however, it is not 


currently implemented. 
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III. CAPABILITY EXPANSION 


pee INTERRUPT VERSUS STATUS CHECK 

The system designed in this thesis can be operated in one of two 
ways. One is for the Central Processing Unit (CPU) to obtain input data 
when available, examine it, store as required, waiting for the mass 
memory system to complete its operation (a significant amount of time), 
and then wait for the next input cycle (an even more significant delay). 
Due to the speed of the microprocessor, the relatively infrequent occur- 
rence of input data, and the additional delay involved with a relatively 
slow mass memory, the CPU would spend most of its time "polling" the іп- 
put or output, waiting for either an input operation, or for the memory 
to complete its operation. This is trivial, if the CPU has no other task; 
however, if it could be gainfully employed elsewhere, it represents a 
great waste of computing power. 

An alternative way of accomplishing the same task would be for the 
computer to be working continuously. When the input data bus brought 
information to the system, it would interrupt it. The microcomputer 
could then accept data from the 1553 bus buffer, operate on it, and store 
as required. Utilizing an MBM controller that can be told to take the 
data, store it and generate an interrupt when complete, the MBM module 
could be left to its work, and the microcomputer returned to the task 
interrupted. 

For a Metal Nitride Oxide Semiconductor (NNOS) nonvolatile mass 
memory, or other type of slow mass memory without a separate intelligent 


controller, the same capability may be realized through software, utilizing 
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the programmable interrupt timer of the SBC. By setting this timer to the 

required memory delay, an interrupt would be generated at memory completion. 
Utilizing this method based on interrupts, the recorder system could 

realize a ten-fold increase in computing power. This power could be 


well utilized in the present and future monitoring applications. 


B. SAFETY PROGRAMMING 

A data recorder, by definition, has considerable information available 
to it. In the case of an aircraft crash data recorder, a wealth of air- 
craft status data 1s sent each second to the recorder. For a microcomputer 
based system linked to a MIL STD 1553 data bus, with other aircraft systems 
also on the bus, the state information available is sufficient for many 
Safety calculations. 

Reference [2] discusses the use of discrete parameters to represent 
a wealth of aircraft status data in a very compact form. The variable 
DP&] and DP&2 of the RECORD program represent 16 BIT words composed of 
discrete data. A suggested implementation is shown in Table IV, where 
DP&l represents pilot input, and DP&2 represents aircraft state. Utiliz- 
ing this type of data, the recorder has available to it information on 
flight perturbation, pilot response, control response resulting, and 
finally the aircraft response resulting from this chain. 

With aircraft air speed, fuel load, position, etc., available, cal- 
culations of fuel exhaustion time and position, optimum climb, cruise, 
and loiter configuration, or constant energy display mapping could be 
Supported. Real time calculation of take-off time and distance could be 


automatically calculated, with no pilot generated input data other than 
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field length. Real time warnings could be output, if the field length 
is insufficient for take-off, as a function of real time sensing of confi- 
guration and ambient conditions. 

These are examples of applications for all aviation. A potentially 
more important task is related to the Navy carrier mission. By continu- 
ously having available to it such a wide variety of parameters, and due 
to its near instantaneous analysis capability, the microcomputer could be 
programmed to recognize certain definable "extremis" situations at the 
very earliest stages of their onset. Through this recognition algorithm 
an "eject alert" could be generated, allowing for immediate pilot correc- 
tion and/or additional time to analyse the critical eject decision. In 
the familiar dark night launch, which is a time-critical situation, this 
could very easily make the difference between successful recovery/ejection 
or aircraft and pilot loss. 

The RECORD program of Appendix B is interrupt driven at its outer level. 
The loop that comprises the main body of this program simulates a calcula- 
tion of the type described. This loop calls the Eject Alert procedure if 
the parameters evaluated indicate that a critical situation has developed. 
In the example there is little doubt that an "extremis" situation exists. 
An extreme example was chosen to demonstrate that a computer can recognize 
Specific situations if: 

1. it has sufficient status data; 

2. it is programmed to recognize these input values as a set that 

correspond to a critical situation. 

The programmed example assumes arbitrarily that discrete data words 


DP$1 and DP$2 are implemented as shown in Table IV. Based on this, a 
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value of 1E83h would indicate a very dire situation. The aircraft would 
have fully split flaps, fully split slats, wide open speed brakes and 

hung gear. Simultaneous checks of altitude through the program indicate 
that the aircraft is below 100 feet and falling. This is an example of an 
easily defined "extremis" situation. 

The program calls the Eject Alert procedure to provide warning. The 
Significance is that the microcomputer can analyse the parameter each 
second, detect a situation such as this, and furnish a warning long be- 
fore reaching this point. Placing the routines in the main body of the pro- 
gram insures that the parameters examined are at most one second old, since 


the 1553 bus would give new data each second. 
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IV. RESULTS AND RECOMMENDATIONS 


The complete system was assembled after considerable delay in 
obtaining the various component parts. Some difficulty was experienced 
with the CPU coming loose from its socket on one side due to board 
flexure. Consideration might be given to soldering the CPU into the 
socket prior to flight testing. 

Test software was designed initially to repetitively read or write 
to the controller, until the controller buffer was full, then to transfer 
the page to the bubble module. This program was repetitively looped 
while signal checks were conducted. It was determined that the test 
oscilloscope utilized was not sufficiently fast to syncronize and 
display the waveforms of interest. 

Test software was altered to verify operation of the 9916 First In- 
First Out (FIFO) buffer, by executive a write of 17 bytes after system 
initiation, followed by a read of the FIFO. This was also unsuccessful. 

Consultation with Texas Instruments personnel indicated several 
changes to be incorporated, as indicated in Appendix C. Additionally, 
the 9916 controller performance may possibly be temperature dependent 
to a greater degree than listed in its specifications. Cooling air was 
supplied for future tests, but testing was not resumed in time to see 
1f this solved the temperature problem. 

Due to changes required, testing was not completed and remains as 
the final task. Subsequent work should include correction of deficiencies 


listed in Appendix C, and check out of the address ROMs. The Controller 
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operation should be verified independent of the MBM board. It is recom- 
mended that a status polled program be utilized, as recent discussions 
with TI personnel indicate that the interrupt routein from the controller 
may operate in variance with the specifications (Reference [5]). 

Research should continue with the MBM. It is the best medium for the 
mission, and future technology growth will only accentuate this. Consi- 
deration should be given to simultaneous development of an MNOS based 
system utilizing the same computer, as discussed in the thesis. The 
technology risk here is low; however, the storage density is also con- 
Siderably lower. 

Finally, the interface design to a data bus which serves to deliver 


the status information needs to be completed. 
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APPENDIX A 
BUBBLE TECHNOLOGY 


A. INTRODUCTION 

In many materials there exist "domains" of magnetization. These 
domains are usually randomly aligned, such that the net magnetization 
(magnetic energy) of the material is near zero. In certain materials, 
a large number of these domains align along some axis with their mag- 
netic poles in the same direction. This is a naturally magnetic material. 
In an artificially induced magnetic material the same result occurs; 
however, the alignment is forced by an outside electromagnetic (H) field. 

If a naturally magnetic material is placed in an H field aligned 
with its principal magnetic axis, all domains will tend to align with this 
field. Those domains that were aligned opposite to the field will be 
reduced in size as a function of their magnetic dipole moment, their ini- 
tial polar direction, and the strength of the external magnetic field 
(bias). By careful selection of the magnetic substrate utilized, and 
application of the proper bias, those domains in opposition to the bias 
field can be caused to reduce in size until they are arbitrarily small 
"bubbles" of polarized material within a "sea" of oppositely polarized 
material (Reference [6]). Variation of bias field and material properties 
of the substrate will determine bubble size. If the bias field is allowed 
to become too strong, they will be annihilated, i.e., caused to collapse 
into the "sea." If too weak, the bubbles will be too large, with resulting 


propagation and storage problems. 
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As a first step toward usability, the bubble must be caused to move 
under control. For this purpose a combination of "tracks" is laid down 
in the substrate, usually from permalloy material. An external electro- 
magnetic field is applied (two periodic signals, 90° out of phase), 
such that it induces a magnetic field within the plane of the substrate. 
The moving force is caused by variations in flux density, due to the per- 
meability of the permalloy pattern, that causes the tracks to develop 
magnetic poles, resulting in the bubbles being moved along the track 
in the direction determined by the external rotating field. The bubble 
moves in the direction of reduced bias, at a speed proportional to the 
difference between the non-uniform bias across the bubble diameter and 
the coercivity (Reference [6]). The bubble movement is accomplished by 
realignment of the magnetic vectors at successive locations within the 
substrate. 

The shape of the permalloy track elements have a distinct effect on 
Propagation speed and reliability. Patterns used in the past have in- 
cluded a chevron, a "T" bar, and a crescent. The bubble chip used in this 
thesis employs the "T" bar pattern. Current research in higher density 
chips is employing an asymetrical chevron to achieve higher packing 
densities and greater field rotation rates. 

Three other basic functions are required to make up a useful bubble 
storage device. Information must be written into the device (bubble 
generation). The information must be read from the device (bubble detec- 
tion) and bubbles must be deleted from the device (annihilation). Genera- 


tion can be accomplished via a fine current loop which, at a specific 
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point in the bubble track, can be pulsed in opposition to the static bias 
field to produce a bubble. Similarly, annihilation can be accomplished 

by bringing the bubble under the same loop and reversing the direction of 
current flow. For data handling, the generate and annihilate functions 
are usually separate. Bubble detection can be accomplished in several 
ways. One is to cause the bubble to be stretched out, and then run under 
a permalloy magnetorestive detector. The change in the resistance of the 
detector due to the field change induced at bubble passage can be detected 
and amplified as the module output. Interaction of the rotating field and 
the detector is handled by putting the sense element in one leg of a 
balanced bridge network, with the other legs in the rotating field but 

not exposed to bubble passage. 

Physical arrangement d the permalloy tracks determine the usefulness 
of the memory. Ail bubble positions and functions could be arranged around 
a loop; however, as total storage increased, access time would go up lin- 
early, just as in serial magnetic tape systems. A more practical ap- 
proach for systems that require random access is to model the system 
after a fixed head disc, in which information is fed to several heads 
Simultaneously, transferred to the disc tracks, and then the disc rotated 
to the next data position. This is the model for the major/minor loop 
MBM chip layout. 

This design requires the additional bubble function of "transfer," 
which moves a bubble from/to the major and minor loops. This propagation 
directionality is obtained by application of very carefully timed signals 


to the transfer gates themselves to cause the propagation vector to move 
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toward the minor loops, via specially shaped permalloy track elements, 
at the instant the bubble is positioned at the gates. In all bubble 


functions, element size, placement, and spacing are critical. 


B. CONSTRUCTION 

Solid state construction techniques very similar to that used in 
the fabrication of other microelectronic components are utilized in the 
construction of the bubble memory. This contributes greatly to the reli- 
ability and low cost of these units. The current MBM utilized is a pro- 
duction version of approximately 100K bits. Texas Instruments expects 
to market a 256K bit chip in the same package by mid-1978. Four of these 
larger capacity chips will be mounted, with drive circuitry, on the same 
board utilized in the current application, to yield a one megabit 
Storage system. 

One area of concern in bubble chip reliability is bias field variation 
susceptibility (Reference [11]). Element differences within the device, 
as well as variations of the field strength of the bias magnets, may 
cause the bias margin to be unacceptably small. In this case relatively 
smal] increases in flux density may cause bubble annihilation, with re- 
sulting data loss. On the other hand, a weaker field may cause overly 
large bubbles, with attendant strip out problems. Bias field margin is 
computer tested. A final test is a go/no-go check for the completed module. 
As the bubble chip capacity is increased by reducing the bubble size and 
Spacing, this will be an area to watch. Research into permalloy track 
element shape is producing patterns that require less precise manufacturing 


technique while yielding a wider bias margin (Reference [12]). 
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Another area of possible problems arises with the major/minor loop 
architecture. To obtain an acceptable yield with a chip employing ex- 
tremely close manufacturing tolerances for the function elements, a 
failure margin must be allowed. Keenan and Naden (Reference [14]) re- 
port that for the TBM 0101 chip, up to 13 of the 157 minor loops are 
allowed to be defective to obtain desired yields. The actual map of the 
assembled chip is obtained in final assembly testing, with bad minor 
loops noted. It then become the job of the bubble controller unit to 
selectively skip these loops on read/write transfer operations. Ап 
additional caution must be observed with regard to this redundancy mask 
in that if not correct, and if bubbles are transferred into the bad minor 
loops, recurring problems with erroneous data may result thereafter. 

D. M. Lee (Reference [6]) outlines the method of employing the mask in- 
formation to gate out bad loops. He further outlines the entire controller 


circuitry required for MBM control. 


C. APPLICATIONS 

NASA and DOD are both currently funding research into magnetic bubble 
storage devices. Rockwell is building a 108 bit space qualified recording 
system for NASA (Reference [13]) employing signle loop architecture. It 
is hoped to replace three mechanically oriented systems with the one bubble 
system in future applications to decrease weight, improve reliability and 
reduce power consumption. 

Texas Instruments, under contract to the Air Force Avionics Laboratory 


(AFAL), is developing second generation MBM modules in 256K-1M bits/chip 
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range, utilizing the major/minor loop architecture. Specific applications 
of the AFAL work are not yet indicated. 

Bubble drive circuitry is passive, except during actual memory 
access. Function circuitry is similarly inactive, except when actually 
performing the intended function. There are no quiescent bias currents 
needed in a stand-by mode. For this reason, MBM will be applied to 
many applications where power consumption is a consideration. By 
actively switching all bubble functions, minimal power drain may be 
realized. 

Magnetic bubble memories will find application wherever the low 
cose/bit and non-volatile nature are important, and where the relatively 


longer access time required can be tolerated. 
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FIGURE IS 


TBM 0101 





TABLE ITI 
TMS 9916/TBM 0101 PARAMETERS 


TOTAL STORAGE 

USABLE STORAGE 

NUMBER OF MAJOR LOOPS 

NUMBER OF MINOR LOOPS 

GUARANTEED NUMBER OF USABLE MINOR LOOPS 
MAJOR LOOP LENGTH 

MINOR LOOP LENGTH 

BERGE SIZE 

NUMBER OF PAGES 

SINGLE PAGE MODE MAXIMUM PAGE WRITE TIME 
MULTI-PAGE MODE AVERAGE WRITE TIME 
FIRST BYTE AVERAGE ACCESS TIME 

MINIMUM SHUT DOWN TIME 


53 


TOO 67 ETIS 
22 t S38) TOM INS 
1 

Loy 

144 

640 

641 
ОТЕ Э 
641 

12.82 М5 
522405 
6.41 М5 
6.41 М5 





APPENDIX B 
COMPUTER PROGRAMS 


A. GENERAL 

Development support for both hardware and software is available in 
the Intel MDS 800 Microcomputer Develop-System. Figure 14 illustrates 
the entire development system. Utilizing the In Circuit Emulator (ICE), 
SBC hardware can be simulated to a great degree. The ICE is currently 
incapable of simulating interrupt driven routines for the SBC, as the 
interrupt controller cannot be simulated. A modification to allow simu- 
lation of SBC interrupt structure is available and Intel has been contacted 
O Obtain it. 

Due to the memory mapping of the ICOM PROM programmer board, PROM 
programming within the ISIS operating system is not straight forward. 
The ICOM PROM programmer is mapped into the top 16K of memory and as 
such is not compatible with a system configured for more than 48K of 
memory. Dip switches on the board would allow the board to be re- 
addressed, but it would then be incompatible with its own monitor. 

For 62K CPM, the debugged program is loaded into a user RAM area 
below 48K and run. Upon exit to the monitor the top 16K RAM board is 
removed with the system on, and the ICOM programmer board inserted. 
The system is then rebooted on the monitor and program control trans- 
ferred to the programmer (Reference [4]). For PLM-80, and other lan- 
guages run under the 64K Intel System Implementation Supervisor (ISIS), 
another problem arises. Due to SBC EPROM memory mapping, the SBC is mapped 
in ISIS resident area, and as such must have its operating load map trans- 
formed utilizing the ICE80. 
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With the debugged program compiled, linked and located on disc, the 
ICE 80 is utilized to transform the program load map into user accessible 
RAM under the MDS/ICE 80 64K memory map. Care is taken not to transform 
into the top 16K of memory, as this will be removed to utilize the pro- 
grammer. With the transformed program loaded under ICE 80, the disc door 
is opened and the system booted on the monitor. The remaining proce- 
dures are the same as for CP/M. 

The decision on whether to use 1/0 ports or to memory map the con- 
troller was a difficult one. At the time the available MDS was not 
configured with a general purpose I/O board, so the decision was made to 
memory map the controller. Subsequently, the MDS 504 General Purpose 1/0 
Module has been obtained and is installed on the MDS. For the testing phase, 
consideration might be given to utilizing the controller, port mapped, 
due to the greater ease of signal checking. The required signal comple- 
mentation of address and control busses could then be accomplished in 
software also. 

Programs to accomplish the recording function as well as to test 
bubble module operation were developed. The essential elements of the 
PROCESS PLM program of Reference [2] were rewritten in PLM-80 as the 
RECORD program. The RECORD program incorporates interrupt initiation, 
MBM interface, and examples of real time analysis of input parameters 
to dynamically vary the compression. 

The MEMORY RECORDING PROCEDURE of Reference [2] was rewritten on 
the MDS and designed to record into MNOS. If this program were adapted 


for the SBC port numbers, and expanded to handle a larger number of 
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MNOS chips, it could provide a demonstration data recorder while the 
bubble technology matures. The programs were not included, but are 
available if this route is chosen. 

PLM-80 bubble driver routines were originally developed on the 
MDS; however, they could not be located at SBC EPROM addresses without 
ICE 80. The status-polled MBM drivers were written in assembly language, 
utilizing the Digital Research CP/M operating system. This allowed pro- 
gramming of EPROMS for testing. This requirement was removed when the 
ICE 80 was obtained, but time did not allow for program rewrite. This 
program translates directly into PLM-80, and if used in further work 
should be rewritten to aid documentation. 

Development of the interrupt driven MBM Driver was accomplished 
in assembly language as well, to facilitate register and stack operations 
associated with interrupts. Translation of this program into PLM-80 is 
not as direct. Utilizing the PLM Stack pointer (STACKPTR) functions, 
a based variable would be utilized to store the return point stack 
pointers of each routine, and appropriate stack operations would allow 
movement back and forth between the "Outer Level" and the page write and 


end check routines as required. 


B. RECORD PROGRAM 
The RECORD program is the executive program. It performs three 
functions: real time analysis, parameter analysis and compression, and 
call control for the BUBBLE program. 
1. Real Time Analysis 
With the recording function written as an interrupt activated 


procedure, the software is free to perform real time analysis of 
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desired parameters as discussed in Section III. The sample calcula- 
tion consisting of the IF statement in the "Outer Level" infinite loop 
is an example of this. 
2. Parameter Analysis and Compression 
The INPUT ] procedure is interrupt driven. It in turn calls 
all other procedures with the exception of Eject Alert. Two examples 
of how to dynamically vary the data compression rate are included in the 
VERTG procedure and the ALTF analysis. In each case, the compression 
parameter, i.e., the allowable difference between old and new values, 
is adjusted dynamically as a function of data from one second ago. 
3 MBM Call 
After data has been analysed for changes and labeled, it is 
stored in an output buffer (one byte) and control is passed to the 


MBM driver. 


C. BUBBLE DRIVER PROGRAM 

This assembly language program is the MBM driver. It follows the 
flow chart of Figures 15 and 16. Figure 15 shows the sequence (Reference 
[5]) to initialize the controller at power up. Figure 16 is the single 
page read/write flow chart (Reference [5]). It does not use interrupts 
to control operations as it was developed from a version used for testing. 

The various console calls at the input to the procedures are for the 
purpose of program debuging and testing and would be eliminated in the 


final version. 
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0. INTERRUPT CONTROLLED BUBBLE TEST PROGRAM 

This program was developed from an original status polled test pro- 
gram to make the recording process more efficient. Translated to PLM-80 
and linked to the RECORD program, it would allow the system to be used 
as a monitor/recorder. 

The basic flow chart is the same as that of Figure 16, with the ex- 
ception tnat the process does not wait for the controller to finish. 
Once the controller is told to write a page, the program returns di- 
rectly to the "Outer Level" while the controller completes its task. 
When the controller is done, the generated interrupt five causes the 
program to leave the "Outer Level" and return to the End Check (ENDCK) 
routine via the Return Point (RTNPT). At completion, execution once 
again returns to the outer level. 

The program was located in EPROM, but transferred into SBC 
RAM thus allowing program alterations during operation. То facilitate 
this, multiple no-op (NOP) instructions were inserted in each procedure, 
which permitted patching modifications. The trace routines are similar 
in both MBM programs. The program is relocated on the SBC to its 3000h 
start address using the SBC monitor move (M) command prior to execution. 

A read routine was incorporated into this program as well. It was 
derived from the original version of the test program, and as such is not 
interrupt controlled. This program is the main test program. In the 
testing mode, keyboard control of read/write operation is available and 
selection of the number of pages read/written is accomplished via pro- 
gram modification. 


Tables V and VI are the memory maps of the SBC and MDS utilized. 
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/ ж KRECURD PRUGRAM x / 


/ж NA ads FEACED LW AN INPU! BUPPERCUF lU z4 EYILSC 
οι Q ss Ale SEUCHs ULILIZING IRE MUNIIUn AND SILENT ТЕ 
MS ООА ЫЫ IRE MIL SIU 155538 INTERLÄLCE BUFFERS NU 
ο ο ου DEUCE SUUIINE IS ULILIZEL AS ¿he muNTiUn HANDLES 
АНА! UNCE 1Н® ШАЛА IS IN RAM πε FRUGRAM IS EXAECUTED. 
БС τν AD INIERRUFI 6 I5 GENERAIEL I1 SIMULAIES iHc 


Ip 


1555 ІімімкғАСЬ [NniennurilInst wlth A PULL BUPPER UP NeW INE! 


MPO ATION: URLS LS FERUCESSED ANL Сомко AEIURNED 10 
UUleEn LEVEL Бк ЕЕ КАОР ж/ 


PNS C UIN E rv š 
ро 


NA RNE ULL LIIERALLY 'DLellLire ',> LI? LITERALLY 'LIGERÁLLY'5 


СІ. 
BCL 
LLL 
LUL 
DLL 
ECL 
ος. 
LOL 
ULL 
исі. 
ECL 
ØLL 
ΠΝ 
ULL 
ULL 
ULL 
ECL 


ENS EDU 'SPRH'. FALSE LIT ‘O's PUREVER LIT ‘WHILE l1nuE'3 
ου σι ιτ τι ντ ορ. η ιο bricks 4 

MULA Gs SECFLAG) bYILs 

(KlsuLLbmlvswekm Ins NE HOC) Αα πο) 
(CALIC>»ALIFIAKHULADI)HEALDI»DEFS1»)LPSDS») VG) AbDbLnES53 

ШЕ ОБ ЕАУ5Е AUURESS Al CSEUUCH)Ds ¢* [NrUi BUFFER Αι YEBEH жи 
Mere lsuUrr EASED INFUIDEASE) (24) AbLuUntss; 

ENS οχι VAIACI SY); 

BUbELE AbüneS>S Al (10009; 

DALIA БІТІК Al CoOPRPVEN)S 

EEG 5bYik Al (sSrelhn)5 

pou Cll син"; AO TERRA LL Сом А) ж/ 

 - τουσ Αυὐπεο Al (Skrand; 

ο νεος υπ οὐ υπο Al CSrF7n255 

Meer Lit "Оран ‘3; /ж τ... τοπι Ευ πες * / 
LILI «οσο» Lubre LIL του"; 

BEEN UI: Τε, Ueerd>inUUBLE LI! ‘lkoSH'» rAaSiSSINK LI’ 'lg' 


= 


/ ж ERÖCKANSFRULEZLURES x/ 


FUN VEH I è 
ο. ο σε. (VALUE) AUDArELOS 5 ο ο το ο s n) Y ЕЛ ЛАША 10 ACCOMUDALE 


Ga DESC ж/ 


ИСІ VALUE ALUREDI5 
υπ οι. νι ως ο) + AILGACVALUEL) 3 


LND CUNVENIS 


MEALFARA: 
FRUCELDURE ALUREDIS иж FEICHES int Neal PARAMETER FRUM lhi EUFr 
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ES ITEM ADURESSSs 
ITEm= IwPUIBUFFC(J)I5 
uezJgti; 

RETURN CUNVERIT CITEM) 3 
END NLATPAKAMS 


me CUKL : 
PROCEDURE 

mee iler 

BOL 


СІЛЕМ» NAME); 
ALURESSS 
NAME BYTES 

Ik MINFLAG THEN 

ΠΩ} 
DATTA=HI GHC CONVERT OCNeWMINIDS иж 


CALL BUBBLES 


LDATTA=LUbBCCUNVERT CN Vin IN2)5 
CALL "BUBBLE 3 
MINFLAG=FPALSES5 
ND 2 


IENESECFLAG THEN 
DO; 


ες ντ οτι ος» 
МХЕ TU FIFU =/ 


DATTASHIULACCUNVERITCNEKSEC+HIDBUH)I5 /* ADL LADEL(1) жи 


CALE EUSEKES 


lAİIİIA=LÛLURW(CUNVEKT CNE khSZEC)) j 
Emme stiEEIE 


SECFLAG-ZFALSE; 
RIND š 


LDALITA=HIGRCCONVENT CITeEM*esal CbUUBLE CNAPCA) » 12)))5 


BINEHICH Under 
CALL DUbbLE5 


A IE, 


/* ADL CABEL 


MATTA=LOUWCCONVERIC(11EM+ShAHLCDUULBLE(NAMEJ)+12)33)5 


CALL BUBBLES 
RETURNS 
END RECURDS 


AL GU: 

FRUCEDURE CULDsTHRESHS NAME) ALDLKESS; 
SEF ο ο Νο hws DIrFk) AULKESSS 
UVCOLCIHKESHs NAMED CYTES 

NEWZNEXTFARAi3 


Ik Nek > OLD incN DIFFZNEMW-ULLDS; 
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οσους ο ο) οι νε ών 
ШЕРТЕР > DOUBLE (CIHRESH) THEN 


LO; 
CALE KECUKDCNE kas NAME) 5 
RETURN NEWS 
LND 5 


ELSE RETORN OLDS 


END AL Gu; 


ШЕКІ (ο; 
ШОШ δυ υπο CNAME) 5 
UCL NAME BYTES 


mee VG SG) UK COrSe AND BEboh)) 
ШЕШЕН ІІМІТЕз0:5 ο ου κ πας CHECK: CUMFPRESSIUN РАКАМЕТЕК 
ОШООО IT ATCARRIER URT FLEP LANDING ж/ 


SESE ЕІШІГІЕ-І; AAA VALUE */ 


VG=ZALGUC VCsLIMIT 2» NAME) 
RETURNS 
LIND VERnI G3 


EUECISALENI: 
FixUCcDUurxE; 
{κ THIS DOb0mY PFRUCEDURE WOULD FURNISH EJECT VAnmnNIiNG IN 

UF A LIGHT» AURAL TUNES Un UTHER LESIneb FUAM- 
NATIVE WUULUD BE ACIUAL AUTUMATIC EJECITIUN- ж/ 


JHE FORT 
AN ALTER: 


KE TURN 


PND КС 1ъА ЕЛ1; 


FUT: 
ERUCEDUKE INIEKKUPI 6; 


EBLE: иж ENABLE INTERRUPTS WITHIN PROCEDURE ж/ 


ELE Ur ALL INPUTS IS 1:1, IE "Ο5ΡΗ' 


ο ο τσι το εδ) 
SKIS. АТС GUES IN 4980 F1 STEPS. жи 


Bete 7* RESET CUUNIZERS жи 
NE WMINENEAT PARAMS 


ЇР UOLDMIN <> NEMWMIN THEN 
DU5 


62 





ÖOLDMINSNEKMINS 
MlINFLAGZTRUES 
ENDS 


NEWSECSNEATFARAMS 
SECRLAG=TRUES 


CALL VEKIGCZ2S 
ο ται οὐ έδι του ὃν 9)” 


MSOSI MENT OF FINE ALTITUDE COMPRESSION FARAMETER ACCORDING TO 
ESSI ALIITUDE:s AIRSPEED» GEAR POSITION. ж/ 


στρ < 1000) Әк CKCAS < CSIALL + 5))) 
C C Orol Awb СТЕН) < китин) ) 
THEN LIMI14=163 
ЕНЕСІ ГІМШІІ Ас |Ср; 


ALir-ALGuCALir»LIlIiI145»242)5 
ΓΤ: νε ος οσο 

ao =ALGIACAs>»LIivilo»0)5 
her AD=AL GUCHEADSLIMIT T: 71); 
CALE Ven! Gls); 
Dr»a1l=ALLU(LPS1»B>9)35 
UrSc=ALGCUCURFS?S595185)53 
ШЕЕ ЧЕКТ ССО: 


DISAELES / ж КООЗ ЛЕКЕТ ОТА ЙЕ КШ T S КОМО CALLS 10 INTERRKUP 1 
CONTROLLER ж/ 


ЭШ ЛГ ы ТС ССРУ) = г С; / ж ШШТРИ1п Тав еми ове INTERKUFI ж / 
ciINABLGS / ж KE-ENÄbLE INlernuris ж/ 
πει ων 


END IwNrU11;3 


SlACKF1x-2SFo6h; /=<INI1 IALIZE Frutnäm SIACK FUINTER κ’ 

ЕІМІТЕу 1 ІМІТАа, ЦІМІ РЬ, ІМІ t=03 x ИСА ο ο. Τα ιτ νι ο ο X 
JoMINEFLAGs SLECFLAL=AYS /ж INITIALIZE FLAGS AND CULNTERS ж/ 
Kl>ULLuUMIN=8S5 

ΑΙ 10 ΑΙ 1. κοβθο HEAD»LPy1>DF92VG=605 / ж ο αυ ες VARIABLES κ / 


FLACIZFALSE; /* DO ο σι τες ον TLAG FOR BUÚBELE CUNIRULLER κ’ 


UU PUREVER5 
ОУ О Ок = (+. INPUT1I35 /x*SET UP КАМ INIERKUP] VECIUR iU CAUSE 
"παπι ο LIO νεσιωκ iU INFPUTI PROCEDURE OS+*/ 
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δι IC < Luki) ANU CALIF < LULE) AND (VG > FASTSSINK) 
AND CKCAS < SLUW) Un (DF$92 AND LEEFPSTIRUUELE))) 
BEN CALL EJECTSALERI; 
Ми; иж LUUP» WAITING FUR INTERKKUPIS.- THIS LOOP IS THE 'QUTEK LEVEL’. 
ANY NUMBER UF SAFELY UF FLIGHT RUUTINES CUULD BE ACTIVE IN © 
THIS AREA» RUNNING UNTIL INTERRUPTED; AND THEN RESUMED. 
UNE EAAMPLE IS INCLUDED UF A MACRO CHECK FUR AN ЕЛІКЕМЕ 
PLIGHT CUNDITIUN. SEE PRUGKAM NOTES Fuk EXPLANATION жи 


END RECURARDERS 


ς 
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3 PAGELLE UNIVER PU GRAM=S1Al1US POLLED 


әко OCCOH 


¿51Aní PRUGRAm UN 41H EFRUM CHIP 


31 xXACE ROUTINE MAP: *£=bUbbLE-e 2=1w11 1ALIZEO?. 
jó-bUSY CHECKe 4EFAGEWRKITE+ S=eND CHECK. 
39=LÛ bYlzL CHLUKe As=ZERKU PAGE: 


SUA T NAROCNE MUST INITIALIZE [FLAG 10 ¿EnO 
3UPUN FRUGRAM KRESITARKIi+ ADDITIONALLY; INPUT 

ΞΕΡΕΙ ο ЕЛ ESE TASSECL VIA BEMORY INTO 
sLOCATIUN WrEUFPFs SIACK FOINTER INIENTIUNALY 


σινωΊ 


VRELS ‘Eu Эгей 


υπο EUU GOFFFER 
MEGA cwu Eberih 
PUNTCOW EGU ӘРЕРен 
КЕБЕТЕ COU PFE SH 
КЕТСІН του BFF han 
Ee TATUS EwW WFR SH 
DEN ILU кош OF PP 6H 


БШЕСМІНІ EGU YFP IRA 
ШО [мз ^1 20 ewU ӨРРЕРЕЕП 


КОШ М5Ы/Н[ БОШО @ОРРГОНҺ 
E USLU EGU DEFF AH 


PGPUSRI EGU GFFFEH 
E ETUSAKG EbLU @РЕРСН 


КОКО БҮТ КОО ОРЕГОН 


RVSTADDK EOU EFFPFFEH 


NVLIIAL EGU 1 
FORG EU £z 

“РС EGU 4 

Serr GMD EGU $ 
ШЕР СМО EGU 19H 
ШЕТІ коо сйн 
RESET қыз 405 
INIMSK ыы зен 


БӘ ЕСІ) JOFH 


PI ALTDO. 


ο ο ο ιο INES TURN DEBUG» 


3 МАКІАЬЦЕ δ1ώπκβυς ΑπΕΒ 


з ШО ο ο PE FE ЕЕ πο ο δρ 10) νι 
ΤΕΙ CLEC REcCL>12R> Al BY is 
3xE Ab CUNIRUL CUMMANUS FRUM DATA BUSS 
¿nEAD DATA bYIE FRUMm CUNIRULLER FIFO 
SWRITE DATA BY1EÉE 10 CUNTRULLER FIFO 
SKRU SIRIUS GIS IEE 

SREADZ Valle NORBEK Ur FACS Pon МОЕТ 
ЭҒАСЕ ITRANS PERS; LU EYIE 

ЗАМЕ δω αἱ ETIE 

ABE MINOR Соор SIZECINI T= 
SITALIZATIUN UNLY) 

3SAME Für AI БҮТЕ 

PAGE FUSIITIUN CUUNTER LUY BYIE- USED 
λ1ω SHU CURRENT РАСЕ А1 IRANSFrFER 

3 САЛЕ IN THE DUBBELE 

ο ΡΕ БОЛА AL brie 

ЕЕЕ SILE KEGISIER 

SC INTITALTZAI TUN ONLY) 

3 KEAD CURRENT RELUNDANCY МАР» 
sSINCkEMENT FUIlNTczk 

¿REAL REDUNDANCY MAP ADDRESS 


ANI T TAETZE IRE CONTRULLER 
¿READ PAGE>SINGLE PAGE MODE 
SA ο ο Εν PFS INCOLE PAGE NODE 
ο οσους FACE MUDE 

СЕН ο ITT FACE MODE 

ΕΙ: ΠΕ 

SSIF VARE ΠΕΡΣΙ 

3sEl CUNIRKOLLERK INTERRUPT MASK 


K ο SERE ALDRES 
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ECuri: 


ENLCK: 


CI EOU ση 
BUSY Eu 10h 
οι ο οἱ EU 641D 


ο οι εξ ЕСО 1ου 
CALL INIT 


іні) РАСЕМОМ 

AÁ CH G 

ЕЛІ He LL UP CK GLU 
MOV Ast 

CMA 

мом νι» 

INA H 

ων Α» |) 

CMA 

MOV msA 


ЕУІ С, “ж! 
CALL CÓ 

Seek BUSTCHK 
LAI H»WrxbUrF 
MUV Asd 


КА H>»wkbY1z 
CMA 

MOV "sA 

ЕЛІ A>BYIECNT 
Ink ü 

MVI AsPAGESIZE 
СМР M 

EZ Ftbri 


i1 


MVI Cs'4” 
CELL CO ` 


PAE BUSYCHK 
MT As CUNA COM 
MVI А» “РО 
CMA 

MUV MsA 


КОШУ BUSYCHK 
ШТ Cs *>” 
CALL CO 


ΠΠ PACENUI 


CONSULE IN CALL ADURESS 

ΣΡΕΕΙΝΕ BUSY CHECK BYTE 

3NUMBER UF FUSITIUNS UN MINOR LOOF 
¿PAGE SIZE IN BYTES 


ЖІЛПБІБЕТЕН IF RUD 
UA DES RED Face NUMBER 


5 

3LUAD UP COMMAND 

> 

3; INVERT DATA FUK BUSS 
JUUIEUL EO EIIE UF FAGE 
> 

ЭЕММЕБІ DATA FOR BUSS 
sUUIFUT HI BYTE CUMMAND 


λος] UF FAITH TRACE 

JU πάς 

SSe ІР CONTROLLER LUNE 

SPETCH INFLI DATA FUR BUEBLE FIFU 
3>5El UP WRITE COMMAND 

ЭТММЕКІ DATA FUR BUSS 

οι ο ο το Díle IU riku 

¿sel UP EYIÉ CUUNT INCREMENT] 
πει ЕТТЕ CUOUNTCINDIRECT) 
SIF BYTES VKITTEN = PAGE 


pre NITE ВА СЕ 

SKEIURN HAVING VKIITEN DALA- TO FIkU 
οι ον τα απ TRACE 

ΙΙ; πι οτε BUSY 

3 

2 

ΤΕ DAIA TOK BUSS 

3O0UiFUi FACE WxIIE COMMAND iU 
sCUNT ROLLER 

SUO EC PUR DONE 

3 


¿OUTPUT TRACE 


ο ΡΕ ΟΗΕ ο ο ος, NUMBER 
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BUCHK: 


ШЕ С: 


ENIT: 


INA H 

SED FAGENUM 
ACHG 

MA» MINEFPSIZ 
WUV AH 

eur D 


LZZEUCHK 
Bat | 


MVI А0 

MUV MIA 

LAI D>FALGLENUNM 
LUAA D 

АЛ Hoe LU on GLU 


CHA 

MUV MA 
INA n 
INA D 
(мал D 
CMA 

MUV MA 
БОГ 


ШТ ὃς ο) 
ӘРІ Cu 
MUV A»5»L 
СР 5 

BE ZZERUPG 
kei 

MV I Es ШЕ 
ο CO 


LAL Hs»FACGENUI 
ммІ А00 

мом М2 А 

BINA H 


MUV "sA 
πε. 

МІ С, 4! 
ECL CO ` 


LDA IFLAG 


SINCRKEMENT FAGE NUMBEK INDIRECI 
SRESTURE INCKEMENTED PAGE NUMBER 
3PUl INCKEMENTED PAGE NUMBER In D/E 
CHECK FOKkK END OF MEMORY 

sHE BYTE INITIO ACCUM 

3 CHECK IF HI BYIE UF PACE NUMBER = 
SAGTE OUR MINOR COUP SIZE 

ES EGUAL; ChECK LU BYTES 
3LUAD BYTE COUNT LUCATIUN INIU THE 
ου RES TER 

2 

Эр ЕЛ БЕ ere COUNT 10 ZERO 
ТЕСЕ SELECT REGISIER 
ἔν ο ους AUDURESS IN D/E 
СПЕ ОЗЕ ЕИ ТИЕ ВАО FACE πεοσ ο LU 
3 COMMAND ADDRESS 

sINVenl DATA FUR BUSS 

A OE EI AGE. SELECT REG 
ЗӘШІ ӨР ПІ Byle CUMMAND 

SINCREMENT FUR HI BYTE 

3LuUAD lI HI EYIÎIL 

jiNVERI DATA rUR BUSS 

ОЕ Е ТТЕ TU ασ SELECT KEG 


2 


3 

30U1FUT ITRKACE 

3 

АЕС LUO ETIES 

KESE FAGE 10 ZEKU 

ο ο οι ο ο ο ο ο σι Ες ος MEMORY 


. 
2 


soe. UF TRACE 


. 
ә 


sLUAL H/L (hlln AuUrRES> UF РА бе NiMben 
NERO ACCUNUOLELA PUR 

S LERI] LU bYiEk> FACES Νο 

SINCKEMENT 

AUT hic 


ee ur TRACE 


2 


SCHECK IF INITIALIZ:L ALREADY 
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BUSY CHK: 


CPI 
DZ 


1 


οι ΟΤΙ 


M VI 
LXI 


CMA 
MUY 
LAL 
MUV 
LAI 


СМА 
PHU V 


iı J V 
INA 
CHA 
MUV 
MVI 
LXI 
CMA 
MOV 
MVI 
CMA 
MUV 
EAI 
inVI 
MUV 
LAI 
i V I 
mul 
AI 
ων 
INA 
MUV 
REI 


Mv 


ES LLE 
КОО САКО 


м2 А 
bsittINLFSIZ 
А» С 
MSL UMINSZLU 


мә А 


А» Б 
H 


Ms A 
A» xESEI 
Me GUN TCU, 


мә А 
As INITIAL 


VENT 

hs IF LAG 
Asyl 

Ms A 

nov EN 
Asti 

Ms A 

He PAGENUM 
Ms A 


ri 
MÁ 


C 


3 
— 


MEL ου 


M VI 
LAI 
MUV 
CMA 


EAI 
MU VY 


CS BUST 
Hs KUSTATUS 
А» vi 


Ho TATSY 
ч» А 


ЖӘНЕ ОЕ 
SIT SEIS IE INT IIALTZEISTRETURN 


3 

¿LOAD H/L bKIIH LOAD PAGE SIZE REG 

3 COrild AND 

SINVEKT DAIA FOR bUSS 

ο ο οσο SIZE TINIU FACE SIZE: REG 
SLU AO COOP SIZE; INTO ACCUM 
3LUAD HL ATIR CUAD MINUR LUUF SIZE 
¿Lub CUMMAND ADDRESS 

SINVERT ЈАТА ГОК BUSS 

π᾿. ΙΙ τις; EIZETTEIIN MINUR LOOFP 
NEU SIL REGISTER 

ISEI UF RF EVIE 

¿3INvenl ШАПА ουσ buss 

ΠΠ ο ШМ К ο ο ο τν HI BYIE 

35Е1 ОР RESET CUMMAND 

¿LUAD ниц МІН Сико CUMMAND 
sIiInverT ШАГА FUR BUSS 

SACTIVAIE RESET 

ΕΙ ιν INITIALIZE CIMMAND 

ЗІМУЕКІ DATA FUR BUSS 

SACTIVAIE INITIALIZE 

¿LUAD H/L WITH IFLAG AUURESS 

¿SET IFLAG = 1 

AAA ҮГІТ ADDRESS Or EYTE COUUNI 
ο ο πο τις ο μα. 

¿LUAD H/L hlIlH ALLRESS UF FAGE NUMBER 
jZEKU LU BYTE» PAGE NUMbER 

τε μοι πὶ BYIE 


2 


. 
2 


. 
2 


ο ον OS AO ВУЛЕ 

SEI UOT SIGIUS RESD ADDRESS 

READ SIATUS 

sCOMPLIMeNT ACCUMULATOR DUE TU REVERSE 
ἘΠ LUGIC LEVEL 

ΘΕ 

pone (CURRENT st AlUS 
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ANI 14Η 
Bum C 

"uc 5UySYCHK 
RET 


UKG VRBLS 


ARBUPF Ub 


IFLAG Li 
SYIECNT bb 
PAGENUIM Di 


στον DB 


END ECL£EN 


© 


gê KS 


C. 


SMASK ALL BUI BUSY BI 
SCHECK FOR BUSY 

COOR TIF BUST 

ES RETURN 


¿VNARIAGBLE SIURAGE AREA 


„оГ ГЕ BUFFER 

SsINITIALIZATIUN FLAG 

БИЕ ОСОКЕ КЕТ ЫВ ИКТЫМ 
МОМБЕК UR FACES CURRENTLY kEAD Uk 
SWRITTENS 

S CORRENI CONIROLCER SIATUS 
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3 ο ΕΕ КЕЗІ РЕОСКАНМ-ІШМТЕККЕРТ CUNTKOELED 


uUrG SLEOECH 


ZI RISZERSSIEHR EMS IHRSUCHTLINSTERKUPT DRIVEN 


UN DT ОУК УШ IHE BUEBEE CONS 
ADN E C OME TEUBBCETACCESS LIME CON- 
STROC FAD E RIO OPI (C KOD I PCR FRUCKAM LEVEL DURING 
ZEVUEBLE SALE ESF RETURN IRIS “LOSI” TIME 


ТІГЕ) 
ΣΑ 


VKbLS LGU jbFOUH 


ШАП δε ος δόῃ 


ШЕСЕ EUU OFFH 

FALSE tuu Y 

Mee GxGhu EUU QFE EH 
BERCRCHI Eub Orrin 
CUNICUM EWU BFr hek 
krLbYlE EWU OFFFGSH 
WnbYTE EWU BEEF GH 
RUSTAIUS EGU ОРЕРОН 
EXCNILO cUU gk iroh 


FOCiNIHI τω ӨРЕРІН 
LUMINSZLU EGU ӨРЕН 


BIMTINSZHI EGU Okk FORA 
merUolLU EGO ΡΕ ΑΧ 


1551 EuU ӨГЕГЕН 
ШІ COS ZERO Ғы) ОЕРЕСН 
МИӨКОГБВҮТЕ EGU ОРГРИН 


ol ADD EGU ОРЕРЕН 


Γ Τι ΤΑ EGU 1 
meric ESO 2 

WKRG LOU 4 

ο ρου EQU 8 
MULF Emu EU 10H 
MES TUD Eu ZUM 
RESET EQU 40H 


MAIN LINE nuUulINE>» 
SEEEHCSEoL KAM) TU ALLUW EASY MULIFICA1IUN. 


FRUGRAM IS URGED 


3vVAkRlAbLe SiURALeE AREA 
ο ο αν ο ρα THRU Grog INCLUST Ve 


3 

3 

ΙΟ; τ; -ΕΓΕΤΕ REGISTER; LU BYTE 
ASAS ea IRE cloieEss НІ БТТЕ 
¿ne Ab CONTRuUL CUMMANDS Fkum LATA buss 
SKŁAD DAIA BYTIE FRUM BUBELE 

ІЗКІЛЕ САТА Bryle TU BUBbLE 
SREADTSTAIUS nEGISIER 

ЗКЕАОИ К ГЕ NUMBEK UF S POR MULTI-PAGE 
РАСЕ ILRANSFeRKSs Lu bYla 

JSAME FOR HI byle 

MA IE ES ποπ СООР SIZE 
3CINI1IALIZATIUN ONLY) 

ΠΕ, ος P5SY IE | 

ЭРАСЕ FPUSITIIUN CUUNITER, LUA КҮТЕ? USED 
3TU SHUW CURRENT FAGE Al TRANSFER GATE 
SIN IBE EUEELE 

35AME FUR HI БҮЛЕ 

τι ο ιν PACE SIZE KEGISIER 

¿REAL CURRENT REDUNDENCY АР» 

3 INCKEMENI FOINICR 

¿READ REDUNDENCY MAP ADURESS 


¿INITIALIZE THE CONTKULLEK 
Posner Aches SINCERE РЕСЕ MUDE 
ΙΕ FACE: SINCLE PAGE MUDE 
Nes SINGLE TACE MUDE 

Soo ο l= Ack. MULE 

SSE NESL MOLE 

35UPITLARE RESE] 
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MUOF : 


BUbbBLE : 


livimSK EU 20h 


MOUONITUR EGUGU бон 
CU EWU Gúrh 

СІ tuU uleH 

КІ кіл) бізн 

Fu EGU Dlsh 
ICCF EGU ШАН 
МӘКРІ Көш BUBH 
TKI Ew 10H 
IMASK kuu ὁ 
EUIC EUU сон 


peor cuU 10H 


MINE > IZ ECU 64l U 
PEGE SI IZA EWU lob 


LAL Hs ITFLAG 
МІ А, 0 
MUV м» А 


L CI 
Μον Usa 
CALL CU 
MVI bs@UcH 
eur b 

ELS AGE nb 


ZEIGEN IISDIENSSDNIENKULI MASK 


3SE1 MOUNIIlOR CALL ADURESS 
ACUNSUILE OUI CALL ADDRESS 
¿3CUNSULE IN CALL ADDRESS 

sREALER IN CALL ADDRESS 

SEUNLH UUIFEFU1 CALL ADDRESS 
3INTERRUFIT COMMAND Fur! 
3INiEnRRUFÍ MASK FUORI 

¿LEFINE INIERRUFA INIITIALIZLATION 
;INIERKUFI MASK 

3END-UF- INIERKUF] CUMMAND unb 


SDE FINE bUSY CHECK БҮЛЕ 


МОМБЕК ОР FUSTIIUNS UN MINUR LUUF 
sFAGESIZE IN EYIES 


sFeiCn 1IFLAG 
3LERV ALCUMLULAIUR 
sLERU FLAG] 


эк UF ECHO 

ESO sou | 

SsCUNS ULE ТАРЫ! PUR САР г 

SSEE IF r [NEU! IMPLYING REAL 

Го 010 қсы KUULINGs ELSE ENTER 


K [OS Poe OU ο Vel FOR- ACCESS 10 IN} = 


SORKUF | 


. H BUBBLE 


ee Seon 
LAI n»niNFiI 


Eu JF Fon 


MUI LL ° 
K L CO ~ 
N uj 

NOP 

МОР 

Eur LuuF 

CALL SAVE 
NUF 


Or IvVen ЮЪлЇ[ЛЕ nuulIlna- 


+ ОШ ГООГО КА О αι Pur INI 6 BSEPURE 
sALLUWIWG lwrul 

ο. τι ZISIERRÜUFI E VELTUR IN RAL 
δρ νυν οτι ο о νεο οκ 

sunlit INIVU KAM 

2 


SOUL ECO" RACE 


3LUUF rPoUREVER»* Ini € WILL IAKE US lu 
¿35UBBLE. PLnEAL ACCESSDED VIA kEYbUARL 


¿SAVE MAÍN FROCRAM SlAlus 





NUP 
МОР 


CALL Πιν Γι 


LALD FAGENUM 
ACHG 

EET Hse LU Gk LLU 
MUV Ast 

CMA 

MOV ara 

INA H 

MUV A»U 

СМА 

MOV MIA 


“МІ ο» 'κ' 
CALL Cu 

CALL Ul 

LAI həs WwnrouUrrk 
MUV ЭА 

40У Usa 

CALL UU 


CALL BUSYCHK 
ШЕРІ Us NAREUPFF 
LDAA D 


LAI Hs»unbBYlE 
СМА 

MUV MIA 

ШИ Нә БҮТЕСМІ 
INK м 

МІ А5 РА ёо ІАЬ 
MP М 

E r Ghan] 


EVI Cs» “sa” 
BALL Cu - 
UP 

NUP 

Nur 

ul 


MVI A>»EUIC 
ШЕП ІСОР 

EI 

CACC RESIURE 


AAA LIA 


¿EDAD? DESTINE RAGE 
3 


sLUAD UF ζωνοινυ 


2 

SINVERI. FUR DATA δι ο» 
SU LO brike ОР FACE 
3 INCREMENTA  CuiisANUD 

3 

3 SAME 

ΠΠ ΠῚ ETIE L CUMMAND 


2 

ο πο. RACE 

j [NPO 1 ЈАТА rrum CUNSULE 
ЛЕП ορ ους 

;Siurc INFO LAIA IN BUFFER 
jori Ur TECHO 

ЕГЕС πι 


τε: GN TiO kh DUNE 
3 


sMUVE INFU i ШАЛА БАСК 1110 AllumuLAlur 


оі ӘР АГ ЛЕ CUMMANU 

s1NVeR!l run LAIA buss 

ΣΑπΙ1Ε LAIA bYIE 10 PIFO 

J P СИС ООМА νι τε EIN I 

E ο ου ο Л С ГАР КЕС) 
3 

E КЕГЕ FALE 

БІЛЕ A Le ας 

2 


3UHKACE FUR RETURN КОМ РАСЫ knllr 


SUITSABLE INIEKRUFIS AKUUND 8259 
3» LUMMANLS 

3 

РООГО END UR INTIExRUPI 6 
УКЕ-ЕМАБЬЕ IHEM 

SKESILUKE MAIN FRUGRKAM STAIUS 
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Роккі: 


ENrI: 


οἰνιωίς κ. 5 


nel 


ІШІ С, ‘4° 
BALL CU ` 
NUF 
NUP 
NUF 


CALL bUSYCHK 
LAI н, Симси 
MVI As INITMSK 
CMA 
ων 
("VI 
LMA 
MUV 
Kk 1 


Vi A 
A» ККЕ б 


My A 


CALL SAVE 


ИТ Cs “>? 


CALL UU 

чш 

N OF 

NUP 

ОА. BUSYCHK 
MVI ΑΔ» 


ΙΙ A» CONTCON 
CMA 

MOV Ms A 

BACO PAGLINUM 
INX H 

SHLU FAGENÑNUN 
LAI M>rPAGbENUM 
MOV Est 

inn L 

MOV Lot 

ЕЛІ HoMINLFSIZ 
MOV А›н 

CMr D 

ЕЙ LUCHK 

BAT Ho»bYiEUCNI 


MVI 
iU v 
L.A Í 


AQ 


MA 
Do» FÁAGENUNWM 


SREIURN PROM INIEKRUFI 
3 


¿3UUIFUL TRACE 


3 

3 

SUNMASK CUNTRULLER INTERKUF1 10 ALLUMA- 
3INVERL FUR LATA EUS 
s~(INIERRUFIS 10 EE OUlrül 
¿luwbenl гоҳ LAIA BUSS 
3FACE he ik CoUMIMAND 1U CONIROLLERK 
SKEIUKN IU ουσ DEVEL FPRUCRAM πι. ο 


ο ορ 


SLUNITRULLER Колко • 


SCINI RY» 


2 5АУҺ МАІМ РКОСКАМ 521А105 UN SECOND 
WHILE CumrLE1ING EUEBLE CYCLE. 
SEIL UE SCS ΠΙΕΡΟ, IRALE 


° 
ә 


S ENSURE CONTROLLER DUNE 
sLERUV ACCUMULATUR 
31InvVenl Рок LALA BUS 
JF ESE I INlerRuUrL MASK 
¿LOAD ALDDKESS UF PAGEL 
J INCREMENT FACE NUMELK 
¿RESIORE INCREMENTED FACE NUMBER 
2 

το. I pY ο ορ FALE 
SINCREMENT AUURESS 
SCO ETIE IN Ὁ 

5 

ЭТ τι. INTO ACCUM 
ο πο FOR HI Sr le UF PAGE 
πο μα OP [МОК LOOP SIZE 
sIr AITE ES EGUAL) CHECK Lu EYIES 
3LUAD bYIL CUUNT STURAGE LUUAIIUIN 
ТИН ПЕ 


ә 


NUMDER 


NuMmben IN REG E 


NUMEER = HI 


In lu 


THe БҮ ТЕ CUUNT 10 ZEKU 
ο ο ο ДО τν ο SELECT REBSISTER 


ТАГ ОЕ 
ӘРІ. UF 
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~LUCHK: 


MERUFG: 


ШІ!: 


LDAA Ü 
LAXI Hs LF GR LLU 


CMA 
мом мә А 


INA H 
INA D 
LDAA 1) 
CMA 

мом м» А 


EXE KES I UKE 
me | 

MVI Us '"g' 
CELL Gu 

NUF 

NUF 

ч шг 


МОЈУ AsL 
miu Е, 
ЕШ Enmukt 


xil 

ivl C» ‘AS 
| CU 
NUP 

NUP 

NUP 


LAI Hs PAGENUIN 
МІ А, “Ы 

MUV MÁ 

INA H 

MUV MIA 


REI 


MVI Cs '2' 
ex" Cu 
NUF 

NUF 

NUF 


LLA IrLAG 
ЕРІ 1 
KL 


JUAL ACCUM ποπ ADDRESS IN D/E 
ОАО Πα επ LUAb РАСЕ KEGISIER LO 
SCUMMAND AUURESS 

SINVERKT PUR ЈАТА BUSS 

SUI Wl er Ace TO FACE SELECT REGISTER 
OES ү? 

3 INCREMENT FOUR HI БҮЛЕ 

sLUAL IN ml BYTE 

SHNVERT ЖОК БАТА BUSS 

DUO A CONO AGE. SELECT κος τε 
ЖОН ЕТТЕР 

¿nESTURE MAIN FRUGKAM STATUS 

5 


ο τι ἵππος 


3 

SU EPIS sw EM ILES 

PROD Perec (Ue. U 

IA Ur BOBBLE CLOUF MEMORY) 
3 

3 


Σωω1γωι TRACE 


νο νι KIIR ο πες Or -FAGE NUMEER 
s32EnU ACCUMULAT Un 

ZE PO NI Eyles FAGE NUMBER 

; INCRE0 | 

PRIUS EDS 


j$ KEIUKN lu LUUP MEMURY 


9 
2 


ONPE" TRACE 


JPP T] rf i rt lO IN) i TALL ce 
poe IF SEI 
ІР INITIALIZED ALKEALYs RETURN 
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SAVE: 


BESIURE: 


LALL 
MVI 
LAI 


CMA 
Μον 
CAI 
MOV 
CXI 


СМА 
ον 


MUV 
INA 
CMA 
MUV 
"VI 
EAI 
CMA 
mUV 
"VI 
CMA 
MOV 
FA I 
mov I 
Mu v 
LAI 
MVI 
MOV 
LAI 
MUV 
INA 
Mov 


κ ν. 


me. | 


FUSH 
BUSH 
BUSH 
BUSH 
КЕЛ 


FOF 
ο 
ΟΡ 
КОР 
nel 


BUSTCHK 
As FACESIZE 
RSLUFGSLZKG 


Ms A 
EXHINLPOIZ 
А› С 

AID INSZLU 


iu» 


Asb 
R 


Məs A 
A»RESEÍL 
hs GUN I CULM 


VENE 
A» INIA1IAL 


νι» ὢ 

hs IFLAG 
А»01 

MÁ 

Б БУЛЕ ОМІ 
As GG 

мә А 

Hs» PÁGENUN 
Ms A 

H 

“ға 


SUED C Л 


PS 


MS YCRAI3MVI Ο» ο 
БАШ СО 


ж 


3 

2 

“τ: πα} FACE SIZE RECIS- 
¿ler CUMMAND 

ЭІММЕКІ FUR DALA bUSS 

3LUAL FACE SIZE INTO FAGE SIZE REG 
SMOOVE MINOR ШОО SIZE LO BYTE 10 ACCUM 
SEO NND πο νι ο ο ον LUUP Size LU 
J COMMAND ADDRESS 

3iNVERI PUR DAIA BUSS 

ЗІ ДАУ МІмӘк Luur Sice Lu БҮЛЕ INIU 
SEIINOSEBWÜFRESTZEFRECEISTER 

ӘРІ UE αἱ БҮ Е 

2 

ЗІМУЕКІ КОК DATA BbUSS 

SLUG MINOR LUGE SIZES hI bY bE 

οτι τπτ πι σοι ο ΩΙ ο” 

¿LUAD H/L VWIihH ον πο. CurimAnb 
3INVEKÍ PUR LATA bUSS 

ЗАСМАЛ КЕБЕЙ 

SSEL OP INIITIACIZE Cl ANO 

sINVERI Fun DAIA buss 

SACIIVAIE INILIALILE 

CDAD TAC τι Ir LAG ADDRESS 

2 

JSE L ICAC = | 

EDADES AENA ADDRESS UF EYTE COUNT 
¿EBRO ELSE COUN! 

¿LUAL n/L klin AburkES>S Ur FAGE NUMBER 
Poo Monee thee eA Ce WNUMEER 

3 

LERU hI bryle 


ә 


A 
;3SAVE D/E 
$ SAVE БАС 
3SAVE ACCUMULAIUkK AND SIAIUS FLAGS 


¿RESTURE ACCUMULATUK ANL SIAITUS FLAGS 
sneosiuke B/C 
3KESIURKRE DIE 
SRHESIURKE H/L 


P 
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PAGEKDL: 


Шек: 


ЕКЫ: 


ИО Cs BUSY 

EXI HeikUSIAILUS 
"Uv A»M 

Cina 


ANI 16H 
ЕМЕ С 

ШЕ ЕЦБҮСІАК 
RET 


νι С» "ы! 
VALL CO ` 
CALL IWNI1 
ESI BUSYCAK 
ЕЛІ Hes CUNT CON 
MVI A»mxXbFC 
CMA 

мом м» А 


CALL BUSYCHK 


LAI Hoe RUDbYTE 
МОм А» М 

LMA 

Abl suh 

MUV CA 

CALL Cu 


EXT Ho»BYIECINI 
INR M 

MVI AsrPAGESIZE 
CMP ii 


UNAL SYLEKL 
CALL ENLCK 
JMP Реки 

UKG VRELS 

wb U F F Db 
IFLAG Ub 
bYIECNT bb 
FALENUM DM 


END зесден 


SEIT UF BUS, CHECK ἘΤΙῈ 

УЗЕ UF SIAIÛUS READ ALURKESS 
jkEAD >IAIUS 

3CUMPLIMENT DAIA Tv ACCUUNT FUR 


SREVEKSE LUGIC DAIA LINES 


SESE 


¿MASK ALL bU1 bUSY bll 
ΠΕ TUK BUST 

ο ES Y 

¿ELSE RETURN 


ШЕШІ КАСЕ 

SINITIALICZE IF ROD 

3 

3 

3 

31INVERT Fur LAIA EUSS 

3UUIPUI READ FACE CUMMANU»+. A FACE Ur 
¿3EUBEEBLE LATA WILL NU& bE READ Ivniu THE 
КЕ ГКО ШМ ОЕ К СОМТАОВ ОР THE CONTROLLER 
SWAIT TILL DUNE 


ә 

31RANSFER IN A BYIE FRUM IHE FIFO 
SINVERI INCUMING DAIA 

ο. ει ε COUR er UK ULSPLEAY 
Sirenen ПОС КОК ου ο] 

¿UUI1FUI CHARACTER 


INCEMENT EYITE COUNTER 


we Wwe Wwe 


Poe p ο κ ΕΙ OP RIBU TRANS 
NETOS O 

O ШОР 

31IF LUNE>» INCREMENT AND ДЕКО 

SCOOP ον ENDOR CAUSES HAL! 


¿VARIABLE >TORACE AREA 


EE 

31INIT1IALIZA1ION FLAG 

sO IES C URRENI CTAREAL/ WRITTEN 

S NUMBER Ur FACES CURKENILY READ UR 
2 ΑπΙ 1 τὸν. 
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TABLE TY 


DISCRETE PARANETER 





мЕН 
(| К Bele η E 
4 0-- BRA KE cee 5 N А 
5 Е - | 
E SI^ | 00=Flaps up 
O0O-idle cutoff ον μες == Tee Di: 1/3 
‘ : r Same Same 10-2/3 
ξ . as as 
lli-full A/B ШЕ a 


flaps flaps 
LS BIT DISCRETE PARAMETER l 
Pilot inputs 
EXAMPLE: DP$1- 0000110000111111= 0C3Fh is a current pilot 
input of geardoun4 full flaps and slatesx hook down; no 


speed, brake, intermediate throttle, with the pilots 


SPEIED| LEJFT RIGHT eier LEIFTIRIGIHT 
КАКЕ |51. [АТ ЕЕ АТ FLIAP FLAP 


mike keyede 





DP sc 





DD: up 
с REN a == = το 8 
102 273 
Ж same OU=up DDD:a11 up - 
ЕЕ “22542 ІШІ πο η ll Fil) 
10 l down lIAl-full OlO=nose down 


100” left down 
l111*all doun 


i full open 
EXAMPLE: DP$2 = 0001111010000011 = 1E43h is a current 
aircraft state in which the engine nozzle is full closed, 
hook is up, speed brake is fully extended, the left slat 
full down, the right slat is 1/3 down, all gear indi- 
cate up4 the left flap is full up4 and the right flap 15 
full downe 
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INITIALIZATIÓN 


START 


ZERO PROGRAM 
COUNTERS 


LOAD PAGE 
SIE REGISTER 


LOAD MINOR 
Oe 
REGISTER 


INITIALIZE 





FIGURE 15 
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SINGLE PAGE KED OC RITE 


START 


LOAD PAGE 


SELECT 
REGISTER 





READ WRITE 









READ PAGE WRITE BYTE 
(SINGLE: 
INTERRUPT INTO FIFO 


ENABLED) 








NO 
YES 
WRITE PAGE 
(SINGLE: 
INTERRUPT 
ENABLED) 
READ BYTE 
NTERRUP 
FROM FIFO NO 
YES 
ES DISABLE 
ERSTER. 
ү T INTERRUPT 
YES 


FIGURE ib 
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TABLE Y 
DATA RECORDER MEMORY MAP 


NOTE: Includes ICOM PROM programmer board with resident monitor, and 


controller memory usage. 


0000-06AE 
O6AF -07FF 
0800-0BFF 
0C00-0FFF 
1000-1FFF 


2000-2FFF 
3000-3CTF 
3020-3015 


3016-3F80 
3F81-3FFF 
4000-BFFF 
C000-DBFF 


EPROM system 80/20-4 monitor (en ps 071) 
Remaining usable EPROM (chip 1) 
Usable EPROM (chip 2) 
Usable EPROM (chip 3) 


Not implemented; may be utilized to double low EPROM 
memory by switching to Intel 2716 (2KX8) EPROMS in 
the first four sockets with appropriate adjustments 
(Reference [3], pp. 2-15). 

Not implemented 

User RAM 

User RAM: also used by ICOM PROM programmer monitor 
when control passed to programmer. 

User RAM. Stack must start at 3F80 (push down). 

SBC 80/20-4 monitor reserved RAM. 

Not implemented 

7K BYTES of EPROM (2708) memory on ICOM PROM programmer 


board, available for program use. 
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DCOO-DFFF 


COOO-EFFF 
FFFO-FFFE 
FFFF 


Programmer Monitor. If this last IK is needed, the 
programmer monitor may be removed and another EPROM 
put in its place. 

Not implemented. 

Bubble controller mapped in this area. 


Not implemented. 
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0000-0023 
0024-0031 
0032-0063 
0064-2FFF 
3000-5FFF 
6000-F6BF 


FGCO-F7FF 
F800-FFFF 


TABLE VI 
MDS MEMORY MAP UNDER ICE/80 


ISIS interrupts (0-2) ICE80 interrupts 

ICE80 interrupt (3) 

User interrupts (4-7) 

ISIS resident area 

Ice 80 resident area 

User RAM. Note: User symbol table in the top of 
user RAM 

318 locations for ICE 80 variables 


MDS monitor (64K contiguous RAM) 


Based on this map, the only MDS memory available to 


the ICE 80 X Form Memory Commands are blocks 6-E inclusive (36K). 
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APPENDIX C 
CONSTRUCTION NOTES 


A. GENERAL 

Pertinent construction details not found in listed references 
follow. Wiring diagrams for all cabling and special circuitry are 
included. Component placement on the prototype board is indicated. 


Specific hardware related problems unsolved at this time are reviewed. 


B. MICROCOMPUTER 

The system 80/20 was utilized essentially as shipped. The following 
changes were incorporated to facilitate MBM module interface. 

l. Fail Safe Timer 

The Fail Safe Timer input to the Ready Circuit was disabled by 

removal of the jumper between taps 137-138. The function of the Fail 
Safe: Timer is to supply, in default, the acknowledgement signal when 
an off board memory access is made, to prevent CPU hang-ups due to soft- 
ware error. The timer will furnish this signal, if no other device 
does, after lOms of wait time. The controller utilizes its ready out- 
put to control this circuit. The ready signal is output high to the 
interface board, to a 4.7K pull up resistor tied to +5V. This is then 
inverted and tied to the Transfer In (SBC P1/23) line to the master bus 
controller, furnishing a continuous acknowledge signal. If the con- 
troller requires additional time, it pulls its ready line low, which in 


turn pulls the CPU ready line low. This is repeated as often as required. 
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Removal of jumper 137-138 is not required for system operation after the 
test phase, and should be re-installed to return full capability to the 
SEC. 
2. EIA Interface 
Pins eight and ten of SBC plug J 3 were jumper shorted on the 
SBC card back to provide EIA Clear To Send to the Terminal output 
(Reference [3], pp. 2-20). 
3. Interrupt Implementation 
Taps 31 and 36-39 were jumped together to allow use of inter- 
rupts, without utilizing all of interrupt seven's inputs. This is des- 
cribed in Reference [1], pages 2-16. Additionally, interrupts five and 
six were implemented by jumping taps 21 to 48, and 30 to 49 respectively. 
4. Master Bus 
Once the system 80/20 mother board, J5/15 was jumpered to J4/15 
to provide an interface board ground to "lock" the SBC onto the bus as bus 
master whenever the interface board is inserted. This supplies a ground 
to the SBC Bus Priority In (BPRN/) signal and saves bus access time every 
time the controller is accessed. This same gain may be realized by out- 
putting the Bus Overide signal to the Master Bus Controller via Software 
(Reference [10], pp. 4-7: "Multibus Overide"). 
5. System Reset 
Reset was jumped from J5A/38 to J4A/38 to provide System Reset 


to the interface board and magnetic bubble module. 


C. CONTROLLER BOARD 
Controller board implementation is as described in Chapter II and 


Reference 7, except as indicated below. 
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1. Interrupt 


The low level interrupt from the controller is not carried across 
the board to the master bus. This should be wired across to interrupt 5/. 
2. Counters 
U9 and U5 are SN/74LS163A and need to be replaced with 5М745163А. 
The lower power Schottky version of these counters was not sufficiently 
fast and must be replaced with the straight Schottky version. TI indi- 
cated it will supply these in the near future. 
22 ROMS: 
Ul and U2 may need to be replaced. Validation of ROM contents 
to ensure they agree with Section II must be accomplished. Validation of 
011, the redundancy mask might also be checked. 
4. — Addressing 
Address Lines listed on Reference 7 are implemented differently. 
Table VII indicates the correspondence. 
5. Wiring 
Jumper Pad 14 is connected to Pad 15. This is omitted on the 
schematic (Reference [7]). 
6. Power Failure 
The power failure circuitry is not connected between the system 


80/20 and the controller input. 


D. MBM BOARD 
Magnetic Bubble Memory Board implementation is as listed in Reference 


[8] with the following exceptions: 
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ie Capacitors 


C1-C12 are incorrect. This was discovered quite late in the re- 
search. The incorrect milspec part was supplied. The current capacitors 
are much too small. The correct part number is M39014/01-1473. These 
parts have been ordered. 

2. Diodes 
The Schottky diodes were unavailable in the part number indicated. 


A higher voltage rating unit was substituted. 


ES TNPUT/OUTPUT 

A Texas Instruments Silent 700 model 745 was obtained for a field 
test terminal. As shipped it is not configured for this purpose and was 
modified to interface to the SBC. Internal jumpers were removed to dis- 
able the acoustic coupler inputs for TX Data, RX Data, and Data Carrier 
Detect. This is required to prevent external noise input during operation. 
An interface cable was then constructed to operate the unit. 

This cable is equally compatible with the Intel MDS 800 to allow for 
Maximum peripheral interchangability during development. Operation of 
the MDS with the Silent 700 is implemented at 300 BAUD. The Monitor 
Module has been modified to allow switch selection of 300 or 2400 Baud 
rate for the CRT interface, as the silent 700 printer is an EIA CRT inter- 
face. For 300 BAUD, switch one is on, with the other four off. Similarly 
for 2400 BAUD, switch five must be on alone. 

Operation of the SBC with the Silent 700 is slightly different in 
that the keyboard is not implemented for lower case ASCII letters. As 


such, for automatic BAUD rate selection after SBC reset, the shift key 
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is not utilized to obtain an upper case "V". Simply depress the "V" 
key six times to receive the monitor sign on message. 

Operation of the terminal thrugh the usual acoustic coupler is still 
possible, as a jumper plug was fabricated. Installed in Jl, in place of 
the interface cable, it restores the Silent 700 to original configuration. 
The jumper is constructed by shorting P1/11 to P1/2, P1/12 to P1/8, and 
| to P1/3. 


EXTERNAL SUPPLY 

Reference [6] indicates the MBM board will operate on +5 VDC and +12 
VDC. This was a major factor in the decision to undertake MBM research 
in connection with the construction of the data recorder, as the SBC 
power bus provides only these voltages. In fact, an additional voltage 
of +17 VDC is required. TI indicates this will be designed out in future 
board designs. For now this requires an external supply. 

Analysis of the SBC power supply indicates it might be possible to 
tap the unregulated output of the +18 VDC winding and construct a regu- 
lated +17 VDC supply within the System 80/20 frame. Schematics were 


obtained but this has not yet been carried out. 
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ТЕЕ ут 


ADDRESS LINE CORRESPONDENCE 


SCHEMATIC PIN NO. MASTER BUS 
ADDRESS 
LINE Ре ADDRESS 
lu ei Ü 
13 23 1 
Le 25 5 
Li 27 3 
d 10 y 
1 à 5 
0 b b 
10 5 7 
9 11 à 
à 13 q 
? ? А 
b i B 
5 3 C 
y 5 D 
3 15 E and F 
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o E Vel Le 


INTERFACE BOARD SCHEMATIC 


PI ра 
ВЕЧНЕ СЕЕ 
"ET VDC Vec RED) A 
MESH. (UHITE) р 
MERE. ( GREEN) : 
PE (BLUE) E 


15 BPRN/ (BLACK) 
ΠΣ 
ыл ШӨЛ (ШНІТЕ) 2- 2 
MUR 
20 WRC/ | 3. | ES) 2n 


ША 
23 JAIT/ а NES 3i 


>, DATOS (VIOLET) E 
5, DAT (GREY) е 
>, DAT2/ (ORANGE) 8 
ЕЕ EC , 
рм С O 
сс E OL 
2 2АтЬ/ (BLUE) Am 
а ORON a  ...--7ῃ 
ВЕ ADRO/ T (RED) ADRO > 
ca  ADRI/ “ч 3 >, BROUN) ADRI ы 
Er ADRe/ WHITE) L110 ADR2 gg 
-. ADR3/ (ORANGE) АЧ yan 12ADRA En 


b 


ADRY/ с (VIOLET) AY ADRY 
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54 
51 
52 
49 
Su 
y? 
ча 
45 
yb 
ТЕ 


uu 


E DADOS CREA PTE 





К 58 (Ән вв 
| Ач. а К 

ADRL/ LL ERE ADM Ve 
| Η Di 

Ад ?/ EOS q RA A La 

ІК. 10 ! 

ER hb = ! BROWN oa 
: Α 3 lc ^R 

ARTS pr ELLA -. 

АЗ 5 


ADRA/ EE ee a Ly 
ADRB/ πρ RED ADRB 1 


ADRC/ e үе BLUE E 
EB Ae 


D 
apap (WHITE) NT ADRD τ. 


ADRE/ ( VIOLET) SE 
neu . ος ema (VIOLET) ὦ mIRE 
135252 (GREY) DE 
о ы Al Ше 
-— 


Ad 





Be 








ΠΕ IX 


ο ο ο PUBSLE Сабы BACKPLANE 


MBM BOARD FUNCTION CONTROLLER BOARD INTERFACE TBO ARD 


PLUG Pl PLUC. Pi PLUG Pz 
PIN” PIN” РІМ» 
ШАА GROUND П i 
ERAS 4 Y +5 V 21 5 
12,13 +12 VDC 3 y 
ΙΩΝ. +12 VDC 3 y 
ΠΡΙ; +1? VDC D EXTENNAL SUPPLY 
5 DAT OUT 5 

b XOUT/ Ь 

7-8 UNUSED --- --- 
q ANN/ q 

10 UNUSED --- --- 
14-15 UNUSED --- --- 
i CYA/ IG 

7 XIN/ lu 

νᾶ CXB/ D? 

13 CLAMP/ LA 

20 STROBE/ ШЕ 

22,7 ο ος 22 2&3 
E BDEN/ 1 

F-J UNUSED --- --- 
K REP/ K 

L UNUSED --- --- 
R UNUSED --- --- 
5 CYB/ S 

D GEN/ 12 

U CXA/ Т 

V-X UNUSED === Ac 
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TABLE X 


Ei IENFACE 


INTESPACE SOARD 
PLUG P-e/CABLE 


SOCKET Ча-А 


PIN * 


А-1 
A=c 
А-3 
А-Ч 
5 
А-Ь 
А-7 


- A-8 


A 

AU 
A-Ll 
duc 
A 
А-14 
А-13 
А-2>Ь 
Deu? 
А-18 
A-19 
At) 
A-cl 
4-96 
53 
А-сЧ 
5-5 


FUNCTION 


SIGNAL GROUND 
ADDRESS (B) 
ADDRESS (C) 
BOARD SELECT(A) 
ADDRESS (D) 
ADDRESS(L) 
ADDRESS(A) 
ADDRESS(5) 
ADDRESS(7) 
ADDRESS(4) 
ADDRESS(8) 

DB IN 

ADDRESS(9) 
MEMEN 
ADDRESS(E) 
BOARD SELECT(C) 
HARDWARE RESET 
BOARD SELECT(B) 
POWER BAD 


ADDRESS(O) 


COLOR 


BROWN 
RED 
ORANGE 
Nee a OW 
GREEN 
S CUE 
VIOLET 
GREY 
HITE 
BLACK 
BROUN 
RED 
ORANGE 
YELLOW 
GREEN 
BLUE 
MIOCET 
GREY 
WHITE 
BLACK 
BROWN 
RED 
ORANGE 
YELLOW 
GREEN 


02 


ο. tO CONTROLLER 


‘CONTROLLER PLUG 


peumueasbE NOCKET 
Jc-B 


J боз м FT wm £ U (Mm ы TU 
а 
= 
* 


κ. k-) k= b^ εἰ t2 t2 t 
Devo wm ΚΕ ш lu £ CO 





PIN” 


Arch 
ег? 
A-cÓ 
nec 
B 3D 
A- 31 


30 
ΠΠ! 
ΕΗ 
A= JS 
A- Jb 
id 
A-38 
253] 
ΑΠ 


FUNCTION 


ADDRESS(3) 
DATA(Q) 
CLOCK (Qa) 
DATA(1) 


READY TO 
Na Gece moce SS Ok 


Pan ae) 
DATA(Í) 
αι μι) 
DATA(U) 
DATA(S) 
INTERRUPT TO CPU 
DATA(b) 


COLOR 


SIDE 


VIDLET 


GREY 


ШНТТЕ 
BLACK 
BROWN 


RED 


ORANGE 
YELLOW 
GREEN 


BLUE 


VIOLET 


GREY 


WHITE 
BLACK 


РІМ" 


cb 
Ет 
26 
PS 
30 
31 


si 
33 
u 
H5 
3b 
Em 
30 
л 
40 


SONNEGTIONS FROM Je=-A/B Τὸ CARDCAGE BACK PLANE 


EXTERNAL 
SUPPLY 


NOTE: 


GROUND 
+S5VDC 
+ SVDC 
+12VDC 
= VDC 
UNUSED 
+L7V 


BLACK 


RED 
RED 


μας 
GREEN 


ШЕ 


BROUN(PURPLE) 


Jc-A 1S A 100 PIN EDGE CARD CONNECTION. 
J24B8 IS A HUD PIN A-D PRODUCTS CONNECTOR. 
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